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San Diego was this year’s host city for the compound semiconductor materials. This 
GaAs Mantech Conference, now renamed the could eventually lead to a ‘CS-MANTECH 
International Conference on Compound Conference’ which would become the focus 
Semiconductor MANufacturing TECHnology, for all compound semiconductor manufactur- 
signifing the acceptance of a wider scope for ing technology. 
the meeting, now officially including other 
GaAs Mantech 2002 
Unless one believes ALL the hype, the general 
consensus for the recovery of the GaAs market 
will depend on the increased use of superior 
performance GaAs-based amplifiers and other cir- 
cuits in the ‘recovering’ cellphone handset mar- 
ket and for the growing number of wireless base 
station applicationsThis concept was supported 
by Earl Lum, from CBIC World Markets, which 
provides a focused service for Investment Banks. 
Earl forecast modest growth in handset sales 
from 2001 supported by a big increase in the 
number of replacement unit sales (to over 50% 
of the market and a total of about 440 million 
units in 2002).TTe top reasons for this include: 
l New location requires new service operator. 
l Damage to handset (antenna, broken display) 
l Lost or stolen handset 
l Smaller size 
l Lighter handset 
l Voice activation 
l Multi-mode capability 
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Multi-band capability 
Enhanced SMS capability 
FM radio capability 
MP3 capability 
PDA, Palm or similar capability 
Full-colour displays 
Full-colour video capability 
Internet web access 
Bluetooth capability 
Embedded digital cameras 
During the market downturn, a device technolo- 
gy migration has been taking place, from 
MESFETs to p-HEMTS to AlGaAs HBTs with 
InGaP- and InP-based HBTs probably coming 
later. Handset components are moving from 
MMICs to multi-chip module (MCM) packages 
and Hitachi is moving away from silicon LDMOS 
to HBTsThe speed of these changes could lead 
to changes in the market leadership positions.As 
noted earlier, more gallium arsenide will be need- 
ed in the latest handset renditions to meet high- 
er efficiency and better linearity requirements 
and improvments in base station power usage. 
Several significant mergers have occurred in the 
GaAs business reducing the number of compa- 
nies supplying OEM handset makers, but increas- 
ing the size of those surviving.A list of supplier / 
customer alignments was presented for chip pro- 
ducers, RFMD, Hitachi,Alpha,TriQuint and 
Conexant together with their handset manufac- 
turing standards can be seen in Table 1. With all 
the possible combinations in this Table, it would 
not be surprising for the producer of the ‘best’ 
or most popular power amplifier modules gain- 
ing market share. 
The outlook is good for III-V materials as 3G 
handsets require higher numbers of III-V devices 
and the multi-band needs of the non-cellphone 
802.11 wireless applications will consume more 
and more compound semiconductor baseband 
chips. In the multi-band category, Mitsubishi 
announced the smallest (3.3 x 4mm) triple band 
power amplifier for GSM, using indium gallium 
phosphide power amplifiers for the 900,180O 
and 1900MHz bands on a monolithic MMIC chip. 
The potential for a GaAs recovery is also boosted 
by high performance devices such as the 6OGHz 
components described by M. Siddiqui from 
TRW’s Velocium Group. Based on its 0.1 to 0.15 
micron gallium arsenide HEMT product line, 
these devices typify the technical capability for 
developing markets still available from gallium 
arsenide.A full transceiver chip set (albeit in a 
small 17mm* package) is available off the shelf 
for the 55 to 64GHz V-band range.This related 
0.1 micron device process from TRW, which has 
been in production for almost 10 years, exhibits 
high cut off frequencies of greater than 1lOGHz 
for up to four volt operating biases. 
lndium Phosphide 
Progress continues, with both MBE and MOCVD 
processes on 4” wafers being used for commer- 
cial device development at companies including 
Global, Nikko Materials, TRW and Vitesse, 40 Gbit 
circuits for OC-768 being the main focus for 
these devices. Several properties of indium phos- 
phide drive its development into commercial 
devices, in particular its low noise generation val- 
ues, the potential to operate at frequencies of 
300GHz and higher and the combination of opti- 
cal and electronic functions on the same chip. 
TRW has an indium phosphide MBE process for 
HBTs, a space qualified HEMT and other devices 
including integrated PIN-TIA CircuitsThrough 
Velocium, they are on the second iteration of a 
full physical layer indium phosphide chip set for 
40Gb per second digital applications as well as 
25G and 50G divide by 2 circuits. For the wide 
acceptance of indium phosphide devices, reliabil- 
ity becomes an important issue and Velocium 
double HBTs, based on a 5-stage log amp, have 
achieved mean times to failure in excess of 108 
hours at 125”C.This was stated to be equivalent 
to junction temperatures of 220°C 
Hajime Momoi from Nikko Materials Co. Ltd., 
described their sub-atmospheric pressure 
MOCVD growth of indium phosphide HEMTs 
using a 5 x 4” wafer capacity planetary reactor, 
which also has face down wafer mounting and 
infrared heating (for the 640 to 740°C growth 
range, see Figure 1. for the reactor schematic). 
Although grown on indium phosphide sub- 
strates, this HEMT process uses a preponderance 
of aluminium indium arsenide layers with 
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relatively high aluminium contents, see Table 2. 
for the lattice matched, device layer struhure. 
Careful control of the back ground oxygen con- 
tent and a modified susceptor contact with the 
wafer to reduce temperature variances (and relat- 
ed n-doping uniformity) were needed and the 
best characteristics obtained were 10,600 cm2 
per volt-second mobilities (0.5% in sigma), sheet 
carrier concentrations of 2.9 x lOE12 within 
1.6% and sheet resistance within 1.2%. 
Vitesse is developing both epitaxial processes at 
this time with a current preference to use 
MOCVD for optical elements and MBE for elec- 
tronic chips.Vitesse has announced single and 
double hetero-processes with 0.8 micron emit- 
ters for a variety of circuits, including voltage 
drivers, MUX, DEMUX,TIA, PA and other applica- 
tions, some with integrated PIN-TL4 detectors. 
According to Alan Huelsman,Vitesse’s 2002 goals 
for InP capabilities are short reach (2 km) fibre 
systems with PIN and TIA chips. Long reach fiber 
products will be introduced in 2003. With line 
yields already at about 85%, the present focus is 
on high performance 10 gigabit integrated 
devices, 10 and 40G photodiodes and integrated 
DWDM systems.A 4:l MUX and a 48 GHz band- 
width chip are available now, but commercial 
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Figure 1: Schematic diagram 
of planetary MOVPE reactor 
40Gbit for 2.5 or 3rd generat ion sets arc not  
p lanned as products  until  2004. OC-768 perform- 
ance is already available w i th  good die yields and 
error free sensitivities to 14 bBm. 
Wafer Thinning 
Demand for h igher power  devices has created a 
need for better  heat removal. In the case of galli- 
um arsenide (and other  materials) this has meant  
that many of today's power  devices require 
much th inner  substrates and the inclusion of a 
wafer th inning process as one of the last produc- 
tion steps after via etching. 
Most wafer th inning processes involve the 
mount ing of f inished wafers on an organic adhe- 
sive layer and grinding away the excess substratc 
in a batch process.This process was OK where  
wafer th inning was in the range of 30{% (say to 
~200 microns). However, heat dissipation for the 
latest h igh power  devices now requires reduced 
wafer thicknesses in the 50 to 100 micron range 
(60 to 85% substratc removal, wh ich  had led to 
much longer grinding t imes and yield losses as 
high as 25% from wafer damage and breakage. 
To overcome these deficiencies M. C.Young et al, 
f rom Nortel Networks Optical Components ,  in 
conjunct ion with Trikon Technologies, descr ibed 
an improved backside etch process wi th  
improved yields and shorter  cycle times. It is 
compared wi th  the original process in Table 3. 
With this process, yields returned to the 100% 
range and it can be seen from the data that a 
much lower cycle t imes were needed. 
Additionally, the authors are claiming this 
process to include 'the fastest via etch rates 
obtained on any commercia l  etch tool'. 
High Power FETs 
The problems associated with LDMOS power  
amplif iers in wireless base stations ( low efficien- 
cies, h igh heat dissipation and short  life times) 
are well  documented,  along wi th  their  replace- 
ment  with gallium nitr ide amplifiers. However, E. 
Mitani, from Fujitsu Quantum Devices, reported 
on the product ion  of a family of gall ium arsenide 
based high power  'quasi E-mode' FETs forW- 
CDMA base station use wi th  power  output  rat- 
ings of 80, 150, and 240W for the commercia l  
devices and 300W for a deve lopment  device (see 
Table 4. for typical values). 
The amplif ier design uses an epitaxy-based MES- 
FET process (rather than ion implantat ion) with 
a sil icon doped channel  region, an A1GaAs 
Schottky layer, a GaAs cap and tungsten silicide T- 
gates wi th  all active areas being sil icon nitr ide 
passivated. To produce these power  levels at high 
linearities, h igh t ransconductance and high heat 
dissipation were necessary. Incidentally, it was 
found that the higher the transconductance,  the 
better  the linearity.To achieve low thermal  resist- 
ance, the gate length to width  ratio was opti- 
mised for the desired RF condit ions, the wafer 
was th inned to 28 microns, the gold backside 
plating was 30 microns and the FETs are 
attached to a plated heat-sink. 
In the commercia l  240W device, four 60W chips 
are assembled in pairs in a 34 x 17.4mm pack- 
age, utilising a push-pull  mode wi th  in-phase 
divides and combiners.  For this group of devices, 
Figure 2: AIGaN/GaN HEMT With Aluminium Nitride 
Barrier Layer 
Silicon 5-doped layer 
1 nm AIN barrier 
AIGaN/GaN HEMT with aluminium nitride barrier layer 
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standard pinch-off  voltage deviations of 46mV 
and output  power  deviations of 0.52 dB were 
obtained.At 2.14GHz (suitable for W-CDMA) a 
saturation power  of 53.8 dBm is obtained 
(240W) wi th  a l inear gain of 11.5dB and a power  
added efficiency of 54%.With MTrFs of about  
106 hours  at channel  temperatures  of 175°C (esti- 
mated activation energy 1.79ev), these or similar 
GaAs-based power  FETs could go a long way 
toward solving the reliability and cool ing needs 
of most of today's wireless base stations. 
MOVPE 
The MOVPE process cont inues to gain impor- 
tance for the product ion  of commerc ia l  III-V 
Group devices because, according to Peter 
Frijlink from OMMIC, it offers low defect levels, 
low cost, h igh per formance and large volume 
capabilities. He reported on  the use of p lanetary 
reactors (7 x 6" wafers) for the product ion  of 
double band (900 and 1800MHz) p-HEMT power  
amplif iers and GaAs/InGaP HBTs for ce l lphone 
handsets and the deve lopment  of metamorph ic  
HEMTs wi th  mobil it ies as in the 7330 cmz per  
volt-second range. Using this technology, a 40Gbit 
per  second p-HEMT trans impedance  amplif ier 
and a GalnAs p-HEMT using a single 5V supply 
and an ft of IOOGHz was announced in January. 
Michael Wong et al from the University of Texas, 
in cooperat ion wi th  Milton Feng's group from 
the University of Illinois, descr ibed the develop- 
ment  of a new type of gall ium nitr ide based 
HEMT using an aluminium nitr ide barr ier and a d- 
doping layer (See Figure 2. for the AIGaN/A1N bar- 
r ier/GaN structure). These devices, wi th  maxi- 
mum current  densit ies of 1.5 amps per  millime- 
tre and carr ier mobil it ics in the 1050 cm 2 per  
volt-second range, were made from gall ium 
nitr ide grown on  two-inch d iameter  4H & 6H sili- 
con carbide wafers in a rotat ing disc reactor. First 
derivation devices exhibi ted peak transconduc-  
tances in the 240mS/mm range wi th  a cut off fre- 
quency (ft) of about  50GHz. 
Wet and dry 
There is a t rend toward increased use of dry 
etching processes for device fabrication, but  
selective gate recesses dry etching processes 
need careful control  of many process variables 
including, the etch rates of various composit ions,  
critical d imension values and underlying layer 
plasma damage.Thus, for h igh per formance p- 
HEMTs, dry-etch induced threshold voltage 
changes of 7 to 10 mV per  angstrom of etch- 
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depth, may be unacceptable.  Kamal Alavi and 
co-workers, from Raytheon RF Components ,  have 
developed an all wet  etch process for a Double 
Selective Recess (DSR) power  HEMT (Figure 3.) 
designed to operate at X-band frequencies. 
In this work, an optimisation of the etch system 
was carried out to minimise variations in the DC 
and RF characteristics. Seven etch solutions 
including the widely used base line buffer (BLB) 
type were  evaluated against eight different mate- 
rials structures, using a luminium arsenide etch- 
stop layers as shown in the generic DSR layer 
structure in Figure 4. and a summary of the 
results is given in Table 5. Etcl- endpoints  were 
determined by e l ipsometry to better  than 5%, 
al lowing good process control  and superior  defi- 
n i t ion of the critical threshold voltage values. In 
the process deve lopment  mode average DC 
yields were about 75% and the DC and RF per- 
formances were similar to the dry etch process, 
but wi th  a greater than 3-times improvement  in 
threshold voltage uniformity over the dry-etch 
process creating higher yields. 
The general out look at MANTECH was positive, 
both  for gall ium arsenide and other  compounds.  
With its expanded remit, next  year's meet ing in 
Scottsdale,Arizona should give us a better  v iew 
of the health of the business. 
Figure 3: Schematic cross 
section of a double-recessed 
and double-selective (DSR) 
pHEMT 
Figure 4. Genenc DSR 
epitaxial layer structure 
Q Top N+/N GaAs contact layer (d 1 100-900 A) 
• Bottom N+/N GaAs conlact layer (d 2 ~00-900 A) 
• AlAs etch stop layer layer (5 35 A) 
AIGa/LS 8chottky/channel/ 
super-lattice buffer 
Semi-insulating GaAs 
substrate 
Etch Dilution pH Temp Rate Undercut 
Type Ratio (C) (A/Min) Ratio 
BLB NONE 6.4 20 1500 1.8 
1 NONE 2.14 21 516 1.9 
2 NONE 4.5 21 672 1.4 
3 1:1 2.4 20.5 258 1.8 
4 1:1 4.5 20 354 1.4 
5 1:2 2.4 20 162 1.7 
6 1:2 4.7 19 264 1.5 
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